Exposure to asbestos was evaluated in 131 patients with pleural malignant
(36.6%) subjects, and significant asbestos body counts (above 1 asbestos body/ml in bronchoalveolar savage fluid or 1000 asbestos bodies/g of dry lung tissue) were found in only 45 (34.3%) subjects. Overall 50 subjects had experienced exposure to only low levels of asbestos or no exposure at all and showed no significant retention of asbestos bodies in the biological sample analysed. Previous studies have shown that light microscopy may be useful in the identification of subjects with previous exposure to asbestos. In this study, apart from cases with obvious exposure to asbestos, a large group of subjects seemed to have a history of exposure or lung retention of asbestos bodies suggestive of very low levels of cumulative exposure, similar to those described in the general population. Malignant mesothelioma has long been recognised as one of the most specific occupational cancers: epidemiological evidence has accumulated concerning the strong association between exposure to asbestos and the outcome of an excess of mesotheliomas in various occupational groups (reviewed by Gibbs'; McDonald and McDonald;2 Brochard et al 3). Many authors have focused attention on the specific role of the type of asbestos fibres. Indeed, results of cohort studies suggested that similar levels of exposure to chrysotile or amphiboles led to many fewer mesotheliomas in subjects exposed to chrysotile than in groups exposed to mixed fibres or amphiboles.'' Moreover, results of analysis of lung tissue by electron microscopy in patients with mesothelioma suggested that amphiboles were the most often incriminated fibre types, especially crocidolite and amosite.2 5-10 Recently, one author reported a different pattern of respective capacities for inducing mesothelioma from asbestos fibres," suggesting that amosite was the most important, whereas chrysotile and crocidolite were much less often incriminated. Nevertheless, although the association with exposure to asbestos was indisputable when workers had been exposed to high levels of asbestos, the attention of the scientific community has more recently been drawn to mesothelioma occurring in subjects free of any significant exposure to asbestos or exposed to only low cumulative doses."2 13 From case-referent studies, the percentage of mesotheliomas without exposure to asbestos has been reported to vary from one study to Table 2 shows the characteristics of the study population. Among the 131 subjects, 67 (51-1%) had experienced only low levels of exposure to asbestos or no exposure at all, as assessed by the occupational questionnaire (classes 0 and 1). A history of work entailing regular, probable, or definite exposure to at Figures 1 and 2 show the distributions of individual counts of asbestos bodies among the various classes of exposure for BAL fluid and lung tissue samples. A considerable overlap was noted between the four classes of exposure for BAL fluid samples, and for classes 0, 1, and 2 for lung tissue samples. Table 3 shows, for each class of exposure, the proportion of subjects with an asbestos body count above the threshold value in BAL fluid or lung tissue. Two thirds of subjects showed no significant retention of asbestos bodies in the lung. As expected, class 3 was associated with a significantly higher proportion of HR subjects than classes 0, 1 and 2. No significant correlation was found between asbestos body count in BAL fluid or lung tissue samples and cumulative duration of exposure to asbestos (r = 0 11 for BAL fluid and 0-33 for lung tissue samples), or between asbestos body count and time elapsed since the end of exposure to asbestos (r = 0-08 for BAL fluid and -0-31 for lung tissue samples). When this correlation analysis was restricted to subjects belonging to class 3, a reduction in asbestos body count was noted with increasing time since the end of exposure (r =-0-31, p = 0053 for BAL fluid and r =-0 53, p = 0 13 for lung tissue samples).
Discussion
Our results showed that only a few patients with mesothelioma had experienced significant occupational exposure to asbestos. Class 3 subjects represented only 36-6% of all subjects, and only 34-4% of the subjects had asbestos body counts above threshold values in BAL fluid or lung tissue. Moreover, 29 subjects (22 1%) had no history of exposure to asbestos at all and no significant retention of asbestos bodies in BAL fluid or in lung tissue. Previously published ctise-control studies on mesothelioma have shown considerable variations in the percentage of subjects exposed to asbestos, from 5% to 88%, whereas the percentage of non-exposed referent subjects was reported to vary between 52% and 98%.3 This could be partly explained by different ways of assessing exposure to asbestos. Some authors have stressed that self reported exposure to asbestos could lead to erroneous conclusions with subsequent poor reproducibility in assessing exposure for a given job title.14 We determined the history of exposure to asbestos in our subjects by means of an interview, completed by the evaluation of two experts. Apart from information mentioned in the questionnaire, they also took into account knowledge of exposure in similar occupational settings at the same period. Thus heterogeneity of the patient's knowledge about previous exposure to asbestos was probably minimised.
A more objective assessment was provided by metrology of asbestos bodies in BAL fluid or lung tissue by light microscopy. Studies of asbestos body counts in BAL fluid or lung tissue with a light microscope have given contrasting results in series of patients with malignant mesothelioma.1821 [23] [24] [25] [26] In many reports, cases were recruited in regions with heavy use of asbestos, leading to an overrepresentation of heavily exposed subjects. Moreover, in some studies it cannot be ascertained that subjects undergoing asbestos body counts in lung tissue were representative of all mesotheliomas occurring during the same period. Thus Gaudichet et al concluded that 70% of their cases had retention of asbestos bodies in the lung of more than 103/g of dry lung tissue, but most of these subjects were former shipyard workers. Kishimoto In a series of 25 consecutive cases, Roggli et al showed that only nine of them had significant retention of asbestos bodies in the lung. 25 Murai and Kitagawa reported that only 14 out of 27 cases of mesothelioma in a general population showed retention of asbestos bodies above the threshold value of significant retention. 26 Counting asbestos bodies with a light microscope in our study showed the proportion of significant retention of asbestos bodies in the lung to be among the lowest values previously reported for similar methods. This was partly explained by the fact that our subjects originated from the Paris area in which there are few asbestos transforming industries. We do not consider that the inclusion criteria used here would have biased the results towards underestimation of retention of asbestos bodies in the lung in subjects with mesothelioma. Indeed, preliminary analysis of our data in the case-control study has shown that the group of cases without an asbestos body count in BAL fluid or lung tissue had a higher proportion of subjects without exposure to asbestos than the group of cases undergoing an asbestos body count, as assessed by analysis of job history (data not shown). As a good agreement between the asbestos body count in BAL fluid and in lung tissue has been reported,'7 we considered both results as pertinent with regard to retention of asbestos bodies. The proportion of subjects, however, exhibiting significant asbestos body retention in BAL fluid was lower than that found in lung tissue. Despite good reproducibility, some authors have previously reported that counts of asbestos bodies in BAL fluid were poorly related to measures of exposure.3" This emphasises the fact that analysis of lung tissue remains the gold standard.
Although some authors have shown biopersistence of asbestos bodies in the lower respiratory tract of humans from results of repeated BAL," we cannot exclude the possibility of a certain amount of clearance of asbestos bodies with increasing time since the end of exposure. This is in agreement with the exponential clearance scheme previously described for fibres,6 and would explain that non-significant retention of asbestos bodies can be found in subjects with initial moderate retention of asbestos bodies in the lung. The long period of time since the end of exposure (median: 20 years in class 1, 25 years in class 2, and 15-5 years in class 3) and the tendency to a decreasing asbestos body count in BAL fluid or lung tissue with increasing time since the end of exposure are in favour of this hypothesis. This raised the question of the relevance of the threshold values of the asbestos body count indicative of non-trivial exposure to asbestos,17 in cases of mesothelioma where exposure to asbestos ended one or more decades ago. Two elements did not suggest that a lower threshold would improve sensitivity of detection of exposure in this study: the overlap of asbestos body concentrations among the various classes of exposure (figs 1 and 2) and the number of subjects with asbestos body concentrations far below the adopted threshold values in BAL fluid (1 0/ml; 14 subjects in class 0, 10 subjects in class 1, five subjects in class 2, and 16 subjects in class 3 were below 0 1/ml) or lung tissue (1000/g of dry lung tissue; four subjects in class 0, two subjects in class 1, one subject in class 2 and none in class 3 were below 100/g dry lung tissue). This was in agreement with the hypothesis of a biphasic distribution of the logarithm of asbestos body counts in patients with mesothelioma, which was previously described by other authors," the first distribution (suggestive of low levels of asbestos body retention in the lung) overlapping values encountered in the general population.
Results of counting uncoated fibres by transmission electron microscopy in lung tissue were not available in this series. This would undoubtedly be useful to better assess lung fibre load in this group of mesotheliomas with a history of generally low exposure to asbestos. In our experience, transmission electron microscopy has given counts of uncoated fibres consistent with those of asbestos bodies obtained with a light microscope. ' railroad car joiner; locomotive repairman; worker in manufacture of railroad equipment; electrician in a power station*; electrician in a cement factory; chemist in nuclear energy production; pipe fitter in production of compressed gas; aircraft sheetmetal worker; boiler maintenance worker; maintenance electrician, manufacture of plastic insulation material; firebrick layer; ceiling maker; lift installer; maintenance worker in steel manufacture; worker in machine tool construction; sheet metal worker in production of compressed gas; machine fitter in a steam locomotive repairshop; store room clerk, power station.
*According to task description this occupation was assigned to class 1 in one specific case. 
